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CH,(XCH.,CH,),

CH
0/ N\ Y
\Ch-,_/ CHy( X CH,CH,)’

wherein Y is —XCH,CH,—X—,

XtCH,CH, X5, or

—XCHpmee C——CHy— X—
/" \ |

CH, CH,
\/
o

pis 1 to 4, and each X is O or NH, N-alkanoyl, N-
benzoyl wherein the benzene ring is optionally substi-
tuted with —NQO,, —NH,, or —CH,, N-alky! or N-8-
hydroxyalkyl each of up to 8 carbons and wherein the
total number of N is 1 to 3 are disclosed. The com-
pounds can be polymerized by opening of the oxetane
ring in the presence of electrophilic agents, or the oxe-
tane ring can be hydrolyzed to a dihydroxy group and
reacted with diacid halides to form polyesters or with
diisocyanates to form polyurethanes. Both monomers
and polymers complex metal ions and can be used to
separate such ions from solutions.

6 Claims, No'Drawings.
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MACROCYCLIC COMPOUNDS HAVING OXA AND
AZA LINKAGES IN THE RING AND CONTAINING
SPIROOXETANE GROUPS

RELATED APPLICATION

This application is a continuation-in-part of U.S. Ser.
No. 415,249 filed Nov. 12, 1973, and now abandoned.

1. Field of the Invention o .
~ This invention relates to polymerizable maeroeyche
- compounds centalnmg 1. te 3 aza substituents and oxa
substituents. - -

2. The Prior Art . - .

The preparation ef 3,3 -dlsubstltuted oxacyclobu-
tanes (oxetanes by preferred nomenclature) and their
polymerization by electrophilic catalysts such as boron
fluoride has been described by A.C. Farthmg, J. Chem.
Soc. 3648 (1955).

The reaction of the sedlum salt of gualaeel wlth the
tetra( para toluene sulfonate ) derivatives of pentaeryth-
ritol in dimethyl sulfoxide has been reported to pro-

duce cyche polyethers some of which contain spirooxe-

tane rings by A. W. Archer and P. A. Claret Chem. &
Ind. 1271 (1969).

C.J. Pedersen J. Am. Chem. Soc. 89 7017 ( 1967)

has described eychc polyethers known as crown com-
pounds which are eapable of complexing cations, eSpe-
cially alkali metals.
~ B. Dietrich et al. Tetrahedren Letters Ne 34 2885
(1969), have descrlbed the preparatron of macreeyehc
polyethers contammg two nltrogen atoms in the ring.

SUMMARY OF THE INVENTION

The cempounds of the present mventlon have the
formula:

_ChH ' CH,(XCH,_CH,) '
TN

Y: e
7

Cl—l,( xcmcrl2 e -

\
C
/

/
\

?:iwhere Y lS -—-—XCH2CH2—-X-—— ——X(CH2CH2X)2——- or

o7
CH,
—~XCH,C—CH,X
SN
| C‘{= /C-“=_
0.': |

p is 1 to 4 and each X separately 1S O NH N-alkanoyl

| N-benzoyl where the benzene ring is eptmnally substi-

ituted with --NOE, _———NHz or —CHy; _N-alkyl or N-8-
ahydroxyalkyl each of up to 8 carbon atoms with the
aprowso that the number of mtregen atoms is from 1 to

3.

1~

40

)
+DETAILED DESCRIPTION OF THE INVENTION

- The present invention is. directed to. macrocyche
-eempounds contammg both oxa and aza linkages in the

5 macrocyclic ring'and also containing 1 or 2 spirocyclic

‘oxetane rings. The presence of the nitrogen atoms in
‘the ring enhances the complexing ability of the com-
pound with heavy metal ions while the presence of the
-spirocyclic oxetane rings provide the capability for
polymerization either directly by catalysis with electro-
“philic catalysts which open the oxetane rings, or indi-
.rectly by hydrolysis of each oxetane ring to a diol fol-
-lowed by reaction with diacid halide to form polyester,
or with diisocyanates to form polyurethanes or the like.
In preferred compositions only simple.oxa or aza
(—NH-—) Imkages are present and the number of ring
heteroatoms is 5-6 1.€., p =1 in. the generic formula |

examples are:

10

15

20

| CH, CH,—NH—CH,—CH,—0O—CH,—CH,
Ve \ / .
25 o 0
CH, CHE-—NH—CH,—CH,—-O—-CHE——--CHE
30 |

f2:9, 12,15-tetraoxa-6, I'SAdiazaSpiro'[ 3.15]nonadecane
35 AL

rTCH;- .eH;
S/ \ /
N\ / \

O—CH,—CH,—O—CH,—CH, -
. NH
/ .

CHE—-—O—CH,—CH,-—O—C HszHz .

. CH,.

45 2 6,9,15 1S-Pentaoxa-lz-azaSp1r0[3 lS]nonadeeane

 CH,- - CHy

o CH,—-—-CH,——NHMCHE—CH;——O-—-—CH, .

60

"« ._/ \ 2 \0
o | e \ 2
/ \CH, O CH,—CH,—-NH CH,-CH,—O—CH, - «CHy
55
2 6 12, 16 19 25-Hexaoxa-9 22-dlazadlsp1re [3 9 3 9] :
| hexacesane |
' CH, ' ,CHz;oec'H;;'e'H;-NH-;-Cﬂz—CH,;o \ 5
/ N/ e,
oo e f°
N/ N\ /

CH, CH,—0O—CH,;—CH,—NH--CH;-—-CH,—O
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12;6,-1 2,15,21-Pentaoxa-9,18-diazaspiro[ 3.18])docosane

- The spirooxetanes of this invention are prepared by
‘reaction -of 3,3-bis(chloromethyl)oxetane or 3,3-bis-
- (bromomethyl)oxetane with an aminoether in a polar, 5
non-interfering solvent such as t-butanol, dlmethyl-

formamide, or tetrahydrofuran. The ammoether is ter-
minated at each end by hydroxyl or amine groups. To

the extent that the aminoether component has hydroxyl
- end-groups a base. such as potassium t-butoxide or
sodium hydride must be used to convert the hydroxyl to

a reactive alkoxide. Bases such as sodium hydroxide
and potassium hydroxide can also be used w1th only a
'small lowering of yield. - |
It 1s preferred to conduct the reactlon at tempera—
- tures of 50°-100°C at 1 atm pressure for 1-24 hours.
~ The. . temperature may vary, however, between
25°-100°C. If a pressure vessel is used, the pressure can
be above 1 atm. Reaction times, depending on the

10

135

temperature, may vary from a few minutes to a week.

The amine groups of the spirooxetanes can react with
acid halides such as acetyl chloride, benzoyl chloride, 30
p-nitrobenzoyl chloride, p-methylbenzoyl chloride and
the like to yield alkanoyl derivative or benzoyl deriva-
tives. which may be substituted with alkyl, or nitro
groups. The nitro groups can be catalytically reduced
with hydrogen to yield aminobenzoyl compounds.
Alkyl halides, particularly when the halogen is chlo-
rine, bromine or iodine can be employed to alkylate the
amino groups to form alkyl derivatives. The reaction of
alkene epoxides with the amino groups gives 8-hydroxy
“alkyl derivatives.

The products of this invention are isolated from their
reaction mixtures by standard procedures of filtration,
distillation, crystallization and extraction.

35
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UTILITY 45

The monomeric azapolyoxasubstituted macrocyclic
compounds of the invention find generic utility in their
ability to complex metal ions. Their particular ability to
| ;comple,x with the heavier metals such as Cu**, Ag* and
Hg** and transition metals such as Ni**, Co** and
Pd** is a distinction and advantage over the macrocy-
clic polyethers. These compounds may also be em-
ployed as monomers in cationic polymerizations to
yleld polymers whlch are capable of complexmg metal
ions. L -

50
55

SPECIFIC EMBODIMENTS OF THE INVENTION ¢g

The following examples are intended to illustrate this
invention, but not to fully delineate the scope thereof.

EXAMPLE 1

2.9.12.1 SQTetraoxa-ﬁ, I 8-diazospiro[3.15 ]nonadecane

4

CH,—NH—CH,—CH,

O CHE“—'CHE
O

/
CH,—NH—CH,—CH,~—0—CH,—CH,

A mixture of 15.5 g (0.10 mol) of 3,3-bis(chlorome-
thyl)oxetane, 19.2 g (0.10 mol) of 1,11-diamino-3,6,9-
trioxaundecane, 38.7 g (0.30 mol) of diisopropyle-
thylamine, and 500 ml of n-propanol was refluxed
under nitrogen for 3 days. The mixture was cooled,
treated with 21.2 g (0.20 mol) of anhydrous sodium
carbonate, and refluxed an additional 5 hrs. The reac-
tion mixture was then filtered and distilled in a molecu-
lar still to- give 4.6 g (17%) of an approximately equi-
molar mixture of the isomers 2,9,12,15-tetraoxa-6, 18-
diazaspiro[3.15nonadecane and

N—CH,—CH,—O—CH,—CH,—0—CH,—CH,—O—
-/ —CH,—CH,—NH,
CH, | o

N-( 11-amino-3,6,9-trioxaundecyl)-2-oxa-6-azas-
piro{ 3,3 1heptane. bp 108°-110° (0.1 ). Ir 2.98 (sh)
and 3.02 (NH), 6.26 (NH, rel weak), 8.9 (broad
COC), 10.28 and 10.61 u (oxetane ring); nmr indi-
cated 'a mixture of oxetanes for which assignments
could be made as described below. .

Anal. Calcd for C13H23N204 C, 56. 91; H, 9.55; N,
10.21: M.W., 274. Found: C, 56.92; H, 9 16; N, 9.88;
56.88 9.23 9.93; M.W. 274 (field ionization mass
spec). -

The mixture of isomers was separated by isolation of
2,9,12,15-tetraoxa-6,18-diazaspiro[ 3.15nonadecane
as the crystalline complex with NaSCN. A solution of
1.2 g (0.0044 mol) of the mixture and 0.32 g (0.004
mol) of NaSCN in 10 ml of acetone was evaporated to
ca 5 ml, 5 ml of ether was added and the mixture was
allowed to stand overnight. The supernatant liquid was
decanted and the solid recrystallized from aceto-
ne/ether, then from acetone to give the 1:1 complex as
large colorless cubes, mp 154.5°-155.5° Ir (Nujol)
3.08 (HN), 4.85, (SCN), 8.8-9.5 (COC), 10.21 and

10.60 u (oxetane); nmr (acetone-dg) 'H 4.43 (s, 2H

oxetane CH,), 3.67 (s, 4H, OCH,CH,0), 3.12 (s, 2H,
C-CH;N), and 2.43 ppm (broad, 1H, NH) with rough
triplets of an AA’BB’: pattern at 225, 220.5 (hidden),

216 Hz (2H, NCH,CH,0) and 177, 172.5, 168 Hz (2H,

NCH,CH,0).

Anal. Calcd. for C,;H,sN;NaOQO,S: C 47.31; H, 7.37,
N, 11.82; Na, 6.47. Found: C, 47.49; H, 721 N,
11.62; Na, 7.33.

The mother liquid from complex formation was evap-
orated to a viscous residue and the residue extracted
with 50 ml of benzene. Evaporation of the benzene
gave a residue which was extracted with 50 ml of pet
ether. Evaporation of the pet ether gave an oil, nearly
pure N(11-amino-3,6,9-trioxaundecyl)-2-oxa-6-oxas-
piro[3,3]-heptane. Nmr (acetone-dg) 'H 4.60 (s, 2H,
oxetane), 3.57 and 3.54 (both s, combined with 6H,
NCH,CH, OCH,CH,OCH,CH,), and 3.31 ppm (s, 2H
acetidine) with rough triplets of an AA'BB’ pattern
hidden near 200 Hz and at 155.5, 150, and 144 Hz;
NH; resonance uncertain due to impurity peaks.
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EXAMPLE 2

2,69.15,18 -Pentaoxa- 12-azaspiro| 3.15]non e.decane'

CH,  CH,—O0—CH,—CH,—0O—CH,—CH,

\ / \ o | /
CH, CH,—0—CH,—CH,—0O—CH,—CH,

Preparation of the required 3,9-dioxa-6- azaundecan- |

1,11 ~diol was carried out as follows:

| NH-; o
CiCHECHZOCHECHEDH —> HENCHECHEOCHECHEOH
-+ HN(CH,CH;OCH,CH,0H),

A mixture of 450 g (3.6 mol) of 2-(2-chloroethoxy)-
ethanol, 400 g of ammonia and 2 1. of absolute ethenol
was heated at 125° for 15 hours under autogenous
pressure in a 3-gallon autoclave. The dark reaction
mixture was reﬂuxed for 4 hours with 600 g of anhy-

NH

6

Anal Calcd for CHH%NO C, 56.71; H 9.15; N,
509 mol wt, 275. Found: C, 56.61; H, 888 N, 5.04;
mol wt, 272 (cry. qu)

A 1:1 complex of this macrocycle with NaSCN was
prepared in acetone, crystallized by concentration and
addition of a small amount of ether and isolated in 93%
yield, mp 113°-114° A recrystallized sample had mp
113°-114°. Ir (Nujol): 3.03 (NH), 4.86 (SCN), 8.7-9.5
(COC), 10.36, 10.57 and 10.75 p (oxeétane). Nmr
(CD3),CO: 4.43 (singlet, 4, oxetane CHZ, 3.98 (singlet,
4, C-CH,0), and 3.73 (singlet, 12 with nearby
OCH2CH2N OCH,CH,0), with OCH,CH:N appearing
as A,B, at 221, 216.5 and 211.5 Hz (OCH,) and 174.5,

15 169.5, and 165 Hz (4, CH;N).

Anal. Calcd for C,,H,sN,NaO;S: C, 47.18; H, 7.07;
N, 7.85; Na, 6.45. Found: C, 47.41; H, 7.14, N, 816

| N3606

20 a. Alkylation of
2.6,9,12,18-Pentaoxa-12-azaspiro[3.15]-nonadecane

_CH,( - CH,=0=CH,y=CH,~0-CH,-CH,

SO URGL Sdahddy M S |
" . _N-cHg-cnon

"™NeH.~~ “CH.~0-CH,-CH, -0-CH -cHE/

2 G Rt Bl R

drous N32C03, ﬁltered and dlstrl]ed te give 16 4 g3 A mixture of 27.5 g (0. 10 mol) of 2,6,9,15,18-pen-

(43%) of 1-amino-3-oxapentane-5-ol, bp 60°-65° (0.2
mm), and.145.3 g (42%) of 3,9-dioxa-6- aza—undecan—
1,11-diol, bp 140°-145° (ISp,) |

- 2772

!

- 77.2 g (0.40 mol) of 3,9-dioxa-6-aza-undecan-1,11-
diol in 1 1. of t-butanol was refluxed and stirred under
N, for 6 days. Filtration and evaporation of the reaction
‘mixture to 50° (0.5 mm) gave a residue which crystal-
lized on cooling. The crude 2,6,9,15,18-pentaoxa-12-
azaspiro-[3,15]-nonadecane was kept molten at 90°
and extracted continuously with heptane for 1 day. The

cooled extract was filtered, and solid so isolated was
recrystallized from ether to give 74.2 g (67%) of prod-

uct mp 79°-81°. An analytical sample, mp 80°-81°, was
recrystallized from ether. Ir (Nujol): 3.01. (NH),
8.6-9.1 (COC), 10.22 and 10.74 p (ocetane). Nmr
((CD3),CO): 4.32 (singlet, 4, oxetane CH,), 3.65(sing-
let, 4, C-CH,0), 3.57 (smglet 12 with underlying
OCH2CH2N OCH,CH,) and 2.32 ppm (broad singlet,

‘(hldden) 209, and 204 Hz (OCH,) and 162, 157, and
1152 Hz (4, CH;N). Addrtmn of D,O moved the NH
‘resonance dewnfield N

0>< + (HOCH,CH,_OCH,,CH )2NH — OQ\ T

A solution of 62.0 g (0.40 mol) of bis(chlo'remethyl-? .
)oxetane, 94.0 g (0.84 mol) of potassium butoxide, and

. NH) with OCH,CH,N appearing as A,B, at 214

taoxa-12-azaspiro[ 3,15 Jnonadecane, 10 g (0.21 mol)
of ethylene oxide and 200 ml of methanol was heated 1n
a bomb tube at 100° for 6 hours under autogenous

, NH
-0, o/

pressure Solvent was evaperated and the product was
volatilized in a very short path still at 190° (~20 u),
50 giving 27.6 g (87%) of N-hydroxyethyl-2,6,9,15,18-
pentaoxa-12-azaspirof 3. 15]nonadecane as a nearly
colorless oil. Ir: 2.90 (OH), 8.7-9.5 (COC, COH),
- 10.23 and 10.80 @ oxetane). Nmr ((CD3)2CO) 4.29
(singlet, 4, oxetane CH,), 3. 74 (singlet, 4, C-CH,0),
55 3.6-3.3 (multrplet 15, OCH,CH,O0 + OH -+
OCH,CH,N), 2.85-2.5 ppm (multiplet, 6, CH,N). |
Anal. Caled for C;sHgNO;: C, 56.41; H, 9.15; N,
4.39. Found: C, 56.43; H, 8.80; N, 4.54.

B

12 (4'-Nrtrobenzoyl) -2, 6 9 15,18- pentaoxa-l2 -azas-
piro-{ 3. 15]nonadecane | |

A solutlen of 1.86 g of p- mtrobenzoyl chlerlde and

65 2.75 g of 2,6,9,15,18-pentaoxaspiro[3.15 Inonadecane
in ‘50 ml of benzene was treated with small portions of

-a solution of 1.10 g of triethylamine in benzene over a
period of 5 minutes. The solution became cloudy and
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fine crystals deposited. After 2 hr the mixture was After an additional 2 days at 25° 2.6 g (0.035 mol) of
shaken with two 30 ml portions of water. The benzene lithium carbonate was added, and the mixture was
layer was separated and dried (MgSO,). Solvent was refluxed for 3 hr. The lower layer was extracted with 50
stripped under reduced pressure and the resulting col- ml of glyme, and the combined upper layer and glyme
orless oil was analyzed. It did not crystallize and ap- > extract evaporated to give 24.8 g of glassy residue.
peared to retain some solvent Distillation at 160°-175° (0.05 mm) for 2 weeks re-

moved only 1.6 g of oil; the residue was a hard glass
which was insoluble in hot water.

Anal. Calcd for C,H,;N.Ox: C, 56.59; H, 6.65; N, 6.60 _
Found: C, gg.éi; H g-gg; N, 559 10 e. Addition of Hydroxylic Compounds to Oxetane Ring
52 05 ' 313 of 2,6,9,15,18-Pentaoxa-12-azaspiro[3.15 Jnonadecane

The oxetane ring in 2,6,9,15,18-pentaoxa-12-azas-

piro[ 3.15 nonadecane was shown to add hydroxylic

Nmr spectrum- 6 7.67 [4H] quartet (aromatic),: 0 compounds by acid-catalyzed reaction with 2-chloroe-
4.40 [4H] singlet (oxetane CH,), 8 2.80 [4H] (spiro 15 thanol to give 1-hydroxymethyl-1-(4-chloro-2-
CH,), 0 3.63 [16H] broad (OCH, and NCH; of macro-  oxabutyl)-2,5,11,14-tetraoxa-8-azacyclopentadecane.

2 + CICH,CH,OH —

HO—CH, CH,—O—CH,—CH,—0O—CH,—CH,
N/ N
- C NH
N /
Cl—CH,—CH,—0O CH,—0O—CH,—CH,—0—CH,—CH,
cyclic ring). This agrees well with the assigned struc- - A solution of 27.5 g (0.10 mol) of the nonadecane
ture. - - and 7.9 g (in 400 ml of conc. H,80,) of 2-chioroe-
| | _' c. o thanol was heated at 100° for 3% days, after which time
12-(4’-Aminobenzoyl)-2,6,9,15,18-pentaoxa-12-azas- tbe nmr spectrum of an aliquot detected no oxetane
piro-[3.15 Jnonadecane _ 20 TINg: Solvent was evaporated, 900 ml of water added,
| o * ~and another 250 ml of distillate taken. The resulting
A solution of the nitro compound above in 100 ml of solution was treated with 24.4 g of Ba(OH),-8H,0,
ethanol was hydrogenated on a Parr shaking apparatus then carbonated to pH =9 and filtered. The filtrate was
using 10% palladium on charcoal catalyst. The mixture diluted to 2500 m! with water, refluxed under N, for 3
was filtered, and solvent was remove under reduced days and eyaporated to give 46 g of viscous residue.

pressure. The resulting colorless oil (3.276 g) crystal- 33 Product was acidic, indicating sulfate esters not com-
lized on standing to form a mass of silky needles. A « pletely solvolyzed, so the residue was dissolved in wa-
2.866 g portion was recrystallized from 25 ml of ben-  ter, 40 g of BaCO; added and the mixture refluxed 2 hr.
zene to yield 1.78 g of white crystals which melted at  Jsolation of the organic product and volatilization in a
114.5°-117.5° short-path still at 140°~145° (0.03 mm) gave 9.7 g

40 (29%) of crude product. Mass spec (disilylated deriva-

' ' tive): m/e 499 (M), 484 (M*-CH,), 450 (M*-CH,CI);
Anal. Calcd for C,0HA,,N,Og: C, 60.89;

Found:- C. 59.56 ﬂ —7,-?3 rr:i 23;2 ' empirical formula estabhshed as C, H;gNOGCIS1, by
59.78 7.60 7.00  high resol. mass spec.
45  EXAMPLE 3
L. 2,6,12,16,19,25-Hexaoxa-9,22-diazadispiro[3.9.3.9-
d. Polymerization of
- ]hexacosane
CH, CH,—O0—CH,—CH,—NH—CH,—CH,—0—CH, CH,
N4 | N 7N
O C : | C 0
N/ N R N
CH, CH,—O0—CH,—CH,—NH—CH,—CH,—0—CH, CH,

N-hydroxyethyl 2,6,9,15,18-pentaoxa-12-azas-

piro[ 3 lS]nonade cane A .solution of 105.0 g (1.0 mol) of diethanolamine,

155.0 g (1.0 mol) of 3,3-bis(chloromethyl)oxetane,
Treatment of N-hydroxyethyl-2,6,9,15,18-pentaoxa- and 233 g (2.08 mol) of potassium t-butoxide in 2.5 .
[2-azaspiro[3.15 nonadecane with a slight excess of of t-butanol was refluxed and stirred under N, for 2

CF3SO3H over that required to neutralize the amine days. The addition of oxetane, glycol, and butoxide was
group led to polymer formation, as follows: 60 repeated, and reaction continued for 4 days. Filtration
A solution of 18.5 g (0.058 mole) of N-hydroxyethyl- and evaporation of the filtrate to 60° (0.5 mm) gave a
2,6,9,15,18-pentaoxa-12-azaspiro[3.15 nonadecane semisolid residue which was kept at 90° and extracted
and 9.3 g (0.062 mol) of CF;SO;H in 300 ml of glyme  continuously with heptane for 3 days. Removal of hep-
had pH ~6. Addition of a small amount of CF;SO;H tane from the extract and recrystallization from ether

did not increase pH, indicating rapid addition to the 65 gave 63.6 g (17%) of 2,6,12,16,19,25-hexaoxa-9.22-
oxetane ring. The homogeneous solution was allowed diazadispiro[3.9.3.9]hexacosane, mp 118.5°~119° An

-to stand for 4 days at 25°, when two phases were pre- analytical sample was recrystallized from tetrahydrofu-
sent. Nmr showed oxetane to be nearly all reacted. ran, mp 118.5°~119° Ir (Nujol): 3.04 (NH), 8.6-9.5
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(COC), 10.07, 10 29, 10 52 and 10.75 u (oxetane)
Nmr((CD-,)2CO) 4. 36 (smglet 1, oxetane CH ,), 3.68
(singlet, 2 along with underlying OCHECHZN CCH20)

10

| -.moved the active H peak to 4. 17 ppm ( smglet, 1,OH+

. - NH).

2.30 ppm (very broad NH) with A,B; branches at 221 '

(hidden), 216.5 and 211 Hz (OCH2CH2N) and 172,
166.5 and 162 Hz (OCH,CH,N).

Anal. Calcd for C,gH3,N,Oq: C, 57.73; H, 9. 15 N,
7.48; mol wt, 374.5. Found: C, 57 62; H, 886 N, 761
mol wt, 398 (ebul ¢H). :

~a. Formation of Stable Complex of
2,6, 12 16, 19,25-Hexaoxa-9,22 -diazadispiro[3.9.3. 9-
]Jhexacosane

The presence of nitrogen in the macro rings of these

-products extends their ablllty to form stable complexes -

to 1ons of heavy metals ‘such as copper and silver, as
well as’ transition ~metals. For ‘example,
2,6,12,16,19,25-hexaoxa-9 22-dlazadlsp1ro[3 9.3.9-
]hexacosane gives a 1:1 complex with cupric acetate

A solution of 0.36 g (0.001 mol) of 8 and 0.20 g
(0.001 mol) of Cu(OAc)2 H,O 1n 25'ml of absolute
ethanol was deep blue in color. Removal of nearly all
the ethanol and addition of 25 ml of ether gave 0.52 g
(93%) of violet 1:1 complex, mp 156°-158° (dec).
Recrystallization from ether/tetrahydrofuran gave an
analytical sample, mp 159°-160.5° (dec). Ir (Nujol):
3.08 and 3.16 (NH), 6.21 and 6.29 (CO,™), broad 9
(COC), and 10.24 and 10.77 u (oxetane). Nmr
((CD3)2SO) very broad peaks due to paramagnetlc
Cu++

Anal. Caled for C22H40CuNzOm C, 47.51;, H, 7.25;
N, 5.04; Cu, 1143 Feund C, 4764 H, 759 N, 4.95;
Cu 11.51 - . 2 |

| EXAMPLE 4 |
2,6,12,15, 21-Pentaoxa-9 18- dlazasplro[S 18]docosane

CH,—0—CH,—CH,—NH—CH,—CH,—0

CH,
R -l - '“‘:.\

IR
N /N

CH, | CH,

o CH,—-—-CH,-—-NH---CH,-—-CH,—O

Preparatmn of the requlred 6 9-dloxa-3 12 dlazatet--
radecane-1,14-diol was carried out as follows

'HOCH,CH, NH 4 CICH,CH,OCH,C-
| ZGCH=CH=CI__} (HOCHECHENHCH!CHJ)CH, -
v SR
Two kilos (33 mol) of ethanolamme and 374 ¢ (2 0
‘mol) of 1,8-dichloro-3,6-dioxaoctane were stirred and

heated at 130° for one day. The mixture was cooled,

mixture was heated slowly with stirring to 100° and
held there for 30 min. Most of the ethanolamine was
~ then stripped off, 500 ml of tetrahydrofuran added, and
the mixture filtered. Evaporation of the filtrate to 80°
(0.5 mm) gave a concentrated product which was re-.
crystallized from 1 l. of cold tetrahydrofuran to give
432.3 g (92%) of 6,9-dioxa-3,12-diazatetradecane-
1,14-diol as an extremely hygroscopic solid, mp
49°-55°. An analytical sample was obtained by two

Nmr ((CD;),CO): 3.7-3.4 (multiplet with major peak
at 3.59, 3, OCH,), 3.23 (broad, OH + NH), and
2.85-2.6 ppm (multiplet, 2, NCH,). Addition of D,O

10

Anal. Calcd for C10H24N204 C, 50 83; H, 10.24.‘;.N,

|.1186 Found: C, 51.22; H, 10. 15 N, 1167

A solution of 202 g (0. 855 mol) of 6,9-dioxa-3,12-
diazatetradecane-1,14-diol, 132.8 g (0.855. mol) of
3.3- bls(ehloromethyl)oxetane and 191.5 g (1.71
mole) of potassium t-butoxide in 2.35 1. t-butanol was
stirred and refluxed under N, for 5 days, cooled and

filtered. The filtrate was ‘concentrated to 50° (0.5 mm)
and the residual oil extracted continuously with pen-

tane for 4 days. Concentration of the extracts gave
198.4 g (71%) of a crude thick.yellow oil. This product

- could not be pirified by distillation, but nmr and ir

15

20

25

30

35

163 g (4.0 mol) of NaOH pellets were added, and the 5

60

recrystallizations from tetrahydrofuran, mp 53.5°-55° 65

indicated it to be 2,6,12,15,21-pentaoxa-9;18-diazas-
piro[ 3:18 ]Jdocosane. The structure was conﬁrmed by
isolation of the 1:1 complex with-NaSCN in hlgh yield
as follows.

A solution in acetone (15 ml) of 3. 18 g (0 01 mole of

crude product and 0.81 g (0.01 mol) of NaSCN was
evaporated to a volume of 10 ml and 5 ml of ether

added. The cloudy solution was seeded with previously
prepared complex and on standing gave 3.20 g (80%)

of 1:1 complex, mp 147°-150° Recrystallization from a
small amount of acetone gave 2.63 g of complex, mp
151°-153.5°% shown by mixed mp to be the same as
authentic complex. An. analytical sample of similarly
prepared complex had mp 151°
and 3.04 (NH), 4.82 (SCN), 8, 5-9.5 (COC), 10.03,

~153°, IR (Nujol): 2.97

10.48 and 10.53 p (oxetane). Nmr (CCD;3),CO): 4.36
(singlet, 2, oxetane CH,), 3.90 (singlet, 2, CCH,0),
3.75-3.5 with major singlet at 3.64 for OCH 2CH,0
(multiplet, 6, OCH,), and 2.23 ppm (broad, 1, NH),
with one branch of A.B, at 173 S 168, and 164 Hz (4,
NCH,).

Anal. Calcd for ClﬁHmNaNaO,,S C 48 11 H 7 57
N, 10.52; Na, 5.75. Feund C, 47.76; H, 7.57; N,

10.60; Na, 5.635.

A 1:1 complex with Nal was similarly obtamed as

o hygrose0p1e crystals, mp 143‘“—145“’ IR (Nujol): 3.09

(NH), 8.5-9.5 (COC), 10.07 and 10.57 u (oxetane).

Nmr ((CD;),CO): 4.38 (singlet, 2, oxetane CH,), 3.95
(singlet, 2, C-CH;0), 3.7-3.55 wnth major smglet at
.3.67 : (multiplet, 6, 0CH2) 3.0-2.7 (multlplet
_NCHE) and 1. 83 pm (smglet shlfted downﬁeld by

2,

D,0, 1, NH).
Anal. Calcd for ClsHaﬂNzNaOE,I _C 38 47: H, 6.46;

‘N, 5.98;1, 27. 10 Found C 3836 H, 637 N 577 1

'26 90
50

a. Aeld—Catalyzed Hydroly51s of '

2 6 12 15,21- Pentaoxa-9 18-—dlazasp1r0[3 18]docosane

The oxetane ring in these macrocycles can be

opened, by addition of water as well as of alcohols. For

example, acid-catalysed hydrolysis of 2,6,12,15,21-

‘pentaoxa-9,18-diazaspiro[3.18]docosane yields 12,12-

bis(hydroxymethyl)-1,4,10,14-tetraoxa-7 17-dlazacy- |
clononadecane.

HO CH; CH,—0O—CH,—CH;—NH—CH;—CH,—O

CH,—O—CH,—CH,—NH—CH,~—CH,—0
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A solution of 99.1 g (0.31 mol) of crude
2,6,12,15,21-pentaoxa-9,18-diazaspiro{3.18]docosane
and 39.2- (0.4 mol) of conc. H,SO, in 2 l. of distilled
water was refluxed for 3 days, treated with 32.0 g (0.80
mol) of NaOH pellets, and concentrated to low vol-
ume. Then 2 L. of xylene was added and distillation
continued until the head temperature was 138°. The

hot xylene was decanted and the residue was extracted

with 2 X 500 ml hot xylene. Evaporation of the xylene
extracts to 50° (0.5 mm) yielded 69.5 g (67%) of crude
bis(hydroxymethyl)-1,4,10,14-tetraoxa-7,17-diazacy-
clononadecane as indicated by the ir spectrum (loss of
oxetane band and appearance of hydroxyl absorption).
A previous attempt to distill the diol resulted in consid-
erable loss of product, but fractions with bp 188°-200°
(0.15 u) were obtained. A sharply melting 1:1 complex
with NaSCN was obtained as follows:

A sample of crude bis(hydroxymethyl)-1,4,10,14- tet—
racoxa-7,17-diazacyclononadecane (3.4 g, 0.01 mol)
and 0.81 g (0.01 mol) of NaSCN were dissolved in
acetone and acetone evaporated to give a heavy oil.
Addition of 10 ml of ether and scratching induced
crystallization. Ether was decanted and the largely
solidified residue was recrystallized from acetone to
give 2.46 g (59%) of 1:1 complex, mp 137°-140° An
analytical sample was recrystallized from acetone, mp
141.

3.6-3.3 (multiplet with major peaks at 3.53 and 3.36,
5, OCH,), 3.14 ppm (broad, 1, OH + NH, shifted
downfield by D,O) with one branch of AgB2 at 165
160, and 155.5 Hz (2, NCH;).

Anal. Calcd. for C,gH3,N3NaQgS: C, 46 03; H, 7. 73,
N, 10.06; Na, 5.51. Found: C, 46.41; H, 7.81; N,
10.24; Na, 6.24. | |

| b. Acylatlon of
2 6, 12 15 21-Pentaoxa—9 18- dmzasmro [3 18]doco-
sane

 The. amine functlon in these macrocycles can be
acylated as well as alkylated, as shown by the followmg

addition of a bridge to the two nitrogen atoms in

2,6,12,15,21-pentaoxa-9, 1 8-diazaspiro{ 3.18docosane

under conditions of high dilution.
Solutions of 31.8 g (~ 0.10 mol) of crude 4 in 200 ml

of dry benzene and 17.1 g (0.10 mol) of dlglycolyl

dichloride in 210 ml of dry benzene were added drop--

wise and simultaneously to a vigorously stirred mixture

of 50 ml of triethylamine and 1 |. of dry benzene. After

addition was completed: (3.5 hr), stirring was .continued
an additional 15 min, the mixture was filtered to re-

3.952.015

10

15

20

25

°~142.5° Ir (Nujol): 2.98 (OH), 3.06 (NH), 4.88 __
(SCN), 8.7-9.5 u (COC, COH). Nmr ((CD;),SO): .

30

35

40

45

12

move polymer and amine salts, and the filtrate was
evaporated to give 26.3 g of viscous residue. Crystalll-
zation from acetone gave 12.3 g (30%) of

 CH,—O—CH,—CH,—

CHz—-CH,—-O
/ \ / /Hzc_é o om
O
\ / \ \HEC-—T O /CHQ

" CH,—O—CH,—CH,—N—CH,—CH,—0

mp 178°-181° An analytical sample was obtained from
acetone, mp 180.5°-182°% Ir (Nuyjol): 6.03 (C=0),

8.6-9.6 (COC), 10.27 and 10.78 u (oxetane) Nmr

((CD;),SO):. 'H 4.3-4.0 (multlplet 1) and 3.7-3.2
(multiplet, 2).

Anal. Calcd for CwH:ﬂNzOB C, 54 79; H, 7.75; N,
6.73; mol wt, 416. Found: C, 5488 H 792 N, 650
mol wt, 417. (ebul ¢H). o

' The embodiments of this mventlon in whlch an exclu-

sive property or prlwlege is claimed are defined as
follows:

1. A compound havmg the formula

CH, CHia( xCH,CH,),,
\ 7
C
/ \

CH, CHy(XCH,CH,),

wherein: | -
Y 1s —OCH,CH,0—, -——Z(CH2CH20)2—- or

—O0—CH,~C—CH,—0— ,

7/ \
CH, CH;

\ /

O

Z bemg —0—, —NH— or ::NCH2CH20H
pislor2; and
X is —O— or —NH—, with the prowso that the
number of nitrogen atoms is from 1 to 3.
2. A compound of claim 1 wherein p= 1.
3. The compound of claim 1 named 2,9,12,15-tet-

~ raoxa-6,18-diazaspiro[3.15 ]nonadecane.

50

4. The compound of claim 1 named 2 6,9, 15 18-pen-

| taoxa-12-azaspiro[ 3.15 Jnonadecane.

5. The compound of claim 1 named 2,6,12,16,19-25-
hexaoxa-9,22-diazadispiro[ 3.9.3.9 jhexacosane.
6. The compound of claim 1 named 2,6;12,15,21-

- pentaoxa-9,18-diazaspiro[3.18]docosane.

55
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